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(54) Process of and apparatus for forming thin films of metallic compounds 



(57) A process of forming films of metallic com- 
pounds on a substrate is disclosed, which essentially 
comprises producing a sputtered ultra-thin film and 
transforming this film into one of a metallic compound 
such as a metal oxide by exposing it to a reactive gas 
plasma. This operation is repeated until the resulting film 
product gains a desired thickness. An apparatus for car- 



rying the process into practice is also disclosed, which 
comprises a sputtering electrode in a film-forming zone 
for producing a sputtered film of metal or metallic com- 
pound and a plasma generator in a plasma exposure 
zone to which the sputtered film is exposed to transform 
into one of a metallic compound. The two zones are re- 
spectively shielded against mutual interference. 
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Description 

This invention relates to a process of and apparatus 
for forming thin films of metallic compounds by means 
of a sputtering technique. 5 

Sputtering processes are widely known for the pro- 
duction of thin films of metals and metallic compounds 
such as metal oxides in which the targets of these ma- 
terials are sputtered until their films are formed by dep- 
osition to a desired order of thickness. The rate of dep- 10 
osition of metallic compounds is generally inferior by 
comparison to metals per se. The same is true even with 
a metal target if oxygen is used in a reactive sputtering 
atmosphere, resulting in the formation of a metallic ox- 
ide film, with a further drawback in that the rate of dep- is 
osition decreases as the amount of oxygen increases, 

Metallic compound films as produced by sputtering 
or vacuum deposition are often depleted of their constit- 
uent elements as in the case for example of a Si0 2 tar- 
get which ends up with a film composition SiOx(x<2). 20 
The depletion of oxygen in such a case may be coun- 
tered by the addition of a mixture of argon (Ar) and ox- 
ygen (0 2 ) gases, but at the sacrifice of a reduction in 
the rate of film deposition by about one half to one-third. 

The present inventors have previously proposed 25 
(as disclosed in Japanese Laid-Open Patent Publication 
No. 62-284076) a process in which an ultra-thin film is 
sputtered from a titanium or like metal onto a substrate 
and the resultant film is subjected to irradiation of an ion 
beam of oxygen or like reactive gas so as to transform 30 
into that of a titanium oxide or like metallic compound, 
these process steps being repeatedly carried out to 
achieve a desired film thickness. It has been later found, 
however, that the use of an ion bombarding gun involves 
a number of equipment components such as filaments, 3S 
screen electrode, suppressor electrode and the like, not 
to speak of the necessity of replacing worn filaments, 
accompanied by pollution of a vacuum chamber, in- 
creased power requirement, undue temperature rise 
due to the use of neutralizers and other associated prob- 40 
lems. 

Japanese Laid-Open Patent Publication No. 
4-4967 discloses a similar process and apparatus in 
which a sputtering electrode is combined with an ion 
gun. This prior system has a drawback in that the ion 4s 
source is susceptible to the influence of arcing at the 
side of the sputter source as both sources are electri- 
cally coupled, and further in that a plurality of high vac- 
uum pumps are required, leading to upsized and com- 
plicated equipment layout. so 

With the foregoing drawbacks of the prior art in view, 
the present invention seeks to provide an improved 
process of and apparatus for forming ultra-thin films of 
metallic compounds at high rate of yields and with stable 
quality. ss 

More specifically, the invention provides a process 
of forming films of metallic compounds which comprises 
a first step of sputtering a metal or a metallic compound 



target to form an ultra-thin film over a substrate and a 
second step of transforming said ultra-thin film of metal 
into that of a metallic compound by exposure to plasma 
of a reactive gas, said first and second steps being al- 
ternated repeatedly until the resultant film is finished to 
a desired thickness. 

The process of the invention is carried into practice 
by an apparatus for forming films of metallic compounds 
which comprises a vacuum tank : a substrate holder ro- 
tatably mounted therein, a sputtering electrode means 
carrying a metal or metallic compound target thereon 
and defining a film-forming zone for forming a sputtered 
ultra-thin film over a substrate and a plasma generating 
means generating a reactive gas plasma and defining 
a plasma exposure zone to which said sputtered ultra- 
thin film is exposed. 

Figure 1 is a partially cross-sectional plan view 
schematically illustrating an apparatus employed to car- 
ry the process of the invention into practice. 

Figure 2 is a cross-sectional view taken along the 
lines I, II and III of Figure 1. 

The term "ultra-thin film" as used herein denotes a 
significantly thin individual film or lamina (for example 
of the order of 1 -6 angstroms) formed during each cycle 
of the inventive process in contract to or as distinct from 
a final product film resulting from superimposition of 
such individual films. 

The term "reactive gas' as used herein includes an 
oxidative gas such as oxygen, ozone and N 2 0, a nitra- 
tive gas such as nitrogen and a carbonative gas such 
as acethylene. 

Referring now to the drawings, there is shown a 
film-forming apparatus 10 embodying the invention. The 
apparatus 10 comprises a vacuum tank 11, a substan- 
tially cylindrical substrate holder 12 rotatably mounted 
in the vacuum tank 11, a pair of sputtering electrodes 
1 3, 1 4 disposed in confronting relation to each other di- 
ammetrically across the holder 12 and an inductive cou- 
pling type plasma generator or plasm source 15 includ- 
ing RF (high frequency) discharge chamber 16 in the 
form of a quartz tube having RF coils 17 wound thereon 
which are energized from a high frequency power 
source 18 through a matching box 1 9. Each of the sput- 
tering electrodes 13,14 defines at its inner surface a film- 
forming zone 13', (14") which is surrounded by a shield- 
ing member 20,(21) and which creates therein control- 
led sputtering atmosphere upon supply of a sputtering 
gas such as argon from a sputtering gas supply bottle 
22,(23) through a massflow meter 24,(25). There are 
shown in Figure 1 two sputtering electrodes 13,14 for 
purposes of illustration and in consideration of the case 
where two different target materials are used. 

Target materials eligible for the purpose of the in- 
vention exemplarily include aluminum, titanium, zirconi- 
um, niobium, tin, chromium, tantalum, iron, silicon, tel- 
lurium, nickel-chrome and indium-tin alloys, of which sil- 
icon, titanium and zirconium are particularly preferred. 

For purposes of illustration, silicon (Si) is used as a 
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target 26 attached on one sputtering electrode 13 and 
titanium (71) as a target 27 on the other sputtering elec- 
trode 14. Argon gas is introduced from the sputtering 
gas bottle 22, and the sputtering electrode 13 is ener- 
gized with power from a power source 28 whereupon 
the silicon target 26 is sputtered to form an ultra-thin film 
of silicon upon a substrate (not shown) supported on the 
holder 12 rotating with power from a drive motor 29 (Fig- 
ure 2). The Si film thus formed is then exposed to a plas- 
ma of oxygen gas introduced from a reactive gas supply 
bottle 32 through a massflow meter 33 and generated 
at a plasma exposure zone 30 defined in communication 
with the RF discharge chamber 16 and surrounded by 
a shielding member 31 . 

The reactive gas atmosphere at the plasma expo- 
sure zone 30 may be also controlled by establishing a 
magnetic field in close proximity to the plasma source 
15 thereby to vary and regulate the plasma density. 

Upon exposure to the oxygen gas plasma, the Si 
sputtered ultra-thin film on the substrate is oxidized and 
transformed into a film of Si0 2 . with the substrate holder 
12 held in rotation, the cycle of alternate sputtering and 
plasma exposure modes of operation is repeated as 
many times as is required to achieve a desired cumula- 
tive thickness of the final product film. The process of 
the invention is also directed to the sputtering of a silicon 
oxide (Si0 2 ) film, in which instance the flow of oxygen 
gas from the supply bottle 32 can be regulated via mass- 
flow meter 33 to replenish its level in the RF discharge 
chamber 16 to make up for the loss or depletion of ox- 
ygen (SiOx<2) incurred during sputtering thereby ensur- 
ing stable Si0 2 film formation. 

The other sputtering electrode 14 carrying a zirco- 
nium (Zr) target 27 is energized with power from a power 
source 34 to effect the formation of a Zr sputtered ultra- 
thin film on the substrate, followed by exposure of the 
film to a reactive gas plasma. The cycle of this operation 
is repeated in a manner similar to the SiOg film formation 
already described. The target material on the electrode 
14 may be other metals or oxides thereof such as tita- 
nium or titanium oxide. 

The above sputtering and plasma exposure opera- 
tion on selected target materials is repeatedly carried 
out until there is produced a film laminate of Si0 2 , Ti0 2 
or Zr0 2 on the substrate which is anti reflection. 

The film-forming apparatus 1 0 according to the in- 
vention is advantageous in that the film-forming zone 
13\(14') at the sputtering electrode, 13,(14) shielded as 
at 20,(21 ) against intrusion of the reactive or oxygen gas 
from the oxygen supply bottle 32 which would otherwise 
adversely affect the rate of sputtering, and the plasma 
exposure zone 30 at the RF discharge chamber 16 is 
likewise shielded as at 31 against entry of the sputtering 
gas from the sputtering gas supply bottle 22,(23), the 
respective gases being separately withdrawn via vacu- 
um pump 35 (Figure 2). The arrangement is effective 
particularly where a plurality of sputtering targets are 
provided in close vicinity. The inventive apparatus 10 is 



further advantageous in that the sputtering discharge 
and the reactive gas inductive coupling discharge are 
independently controllable without mutual interference 
to ensure stability of discharge and freedom from acci- 

s dents and also in that the RF coils 17 at the plasma 
source 15 are disposed externally of the system so as 
to prevent possible pollution of the vacuum tank 11. The 
apparatus 1 0 contrary to the Kauf mann iron gun system, 
can dispense with the necessity of filaments, screen 

10 electrodes, suppressor electrodes, neutralizers and oth- 
er equipment components and hence can be built rela- 
tively simple and compact. 

The above film-forming operation according to the 
invention was conducted under the following conditions: 

75 

(1) Target; Silicon (Si) 

Feed Power: 3.6 kw 

Substrate Temperature: room temperature 
20 Substrate Holder Drive: 100 r.p.m. 

Shielded zone Pressure: 2.0 x 10 -3 Torr 
Ultra-thin Film Thickness: 2 - 6 angstroms 

(2) Target: Zirconium (Zr) 

25 

Feed Power: 1.9 kw 

Substrate Temperature: room temperature 
Substrate Holder Drive: 100 r.p.m. 
Shielded Zone Pressure: 5.0 x 10* 3 Torr 
30 Ultra-thin Film Thickness. 1 - 4 angstroms 

(3) Reactive Gas Plasma: Oxygen (0 2 ) 

Feed Power: 1 kw 
& Pressure: 1 .4 x 1 0" 3 Torr 

Having thus described the invention, it will be obvi- 
ous to those skilled in the art that changes or modifica- 
tions may be made in the specific form and construction 
40 of the above film-forming apparatus without departing 
from the scope of the appended claims. 



Claims 

1. A process of forming films of metallic compounds 
which comprises a first step of sputtering a metal or 
a metallic compound target to form an ultra-thin film 
over a substrate and a second step of transforming 
said ultra-thin film of metal into that of a metallic 
compound by exposure to plasma of a reactive gas, 
said first and second steps being alternated repeat- 
edly until the resultant film is finished to a desired 
thickness. 

2. A process according to claim 1 characterized in that 
said target is selected from materials of the group 
consisting of aluminum, titanium, zirconium, nio- 
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bium, tin, chromium, tantalum, iron, silicon, telluri- 
um, nickel-chrome and indium-tin. 

3. A process according to claim 1 characterized in that 
said reactive gas is selected from the group consist- s 
ing of oxygen, ozone, N 2 0, nitrogen and acetylene. 

4. A process according to claim 1 characterized in that 
said plasma is generated by an induction coupled 
plasma generator. 10 

5. An apparatus for forming films of metallic com- 
pounds which comprises a vacuum tank, a sub- 
strate holder rotatably mounted therein, a sputter- 
ing electrode means carrying a metal or metallic 15 
compound target thereon and defining a film-form- 
ing zone for forming a sputtered ultra-thin film over 

a substrate and a plasma generating means gener- 
ating a reactive gas plasma and defining a plasma 
exposure zone to which said sputtered ultra-thin 20 
film is exposed. 

6. An apparatus according to claim 5 arranged to ef- 
fect alternate sputtered film formation and exposure 

of the sputtered film to a reactive gas plasma in a 2s 
repeated cycle of operation. 

7. An apparatus according to claim 5 characterized in 
that said plasma generating means is an induction 
coupled plasma generator. 30 

8. An apparatus according to claim 5 characterized in 
that said film-forming zone and said plasma expo- 
sure zone are respectively shielded against mutual 
interference. 35 

9. An apparatus according to claim 5 characterized in 
that a pair of said sputtering electrode means are 
disposed in confronting relation to each other dia- 
metrically across said substrate holder. 40 
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